Abstract
Introduction
with 70°C and was raised after 4 minutes by 20°C per minute to 160°C was reached, after 15 142 minutes the temperature was further increased by 3°C per minute until 230°C. Fatty acid 
Total Selenium Concentration

153
Total Se concentration of chicken breast muscle and feed was determined by atomic 154 absorption spectrometry with a hydride generator system (Norheim & Haugen, 1986 ) using a
155
Varian SpectrAA-30 with a VGA-76 vapor generation accessory. Before analysis, each 156 sample was prepared by oxidative digestion in a mixed solution with concentrated nitric and samples were analyzed according to the method described by Paglia and Valentine (1967) .
166
This method measures the oxidation rate of reduced-glutathione by hydrogen peroxide, a 167 reaction catalyzed by the selenium-requiring Gpx, and the oxidized-glutathione's further 168 regeneration back to its reduced form, as NADPH is oxidized to NADP. The rate of this (Ozcelik et al. 2003) . The antioxidant activity of chicken breast was determined by using the 180 DPPH, according to the procedure described by Brand-Williams et al. 1995 (Brand-Williams 181 et al. 1995 . Muscle samples (2.5 g) were homogenized with 10 ml of methanol for 30 s using 182 a PT 3100 Polytron and then centrifuged for 20 min at 20,650xg, at 4°C. The supernatant was 183 filtrated using a filter paper (white band 5892). DPPH was dissolved in methanol (0.025 mg 184 DPPH/ml) daily and 3.2 ml of solution was added to all samples. For each sample, three 185 concentrations of meat extract (0.7, 0.5, 0.3 ml) were mixed with 3.2 ml DPPH solution and 186 filled up to 4 ml with methanol. Blank samples contained 0.8 ml methanol and 3.2 ml DPPH 187 solution. The reaction mixtures were covered and left in the dark at room temperature. The reduction of the DPPH free radical was measured by reading the absorbance at 515 nm 189 (Hewlett Packard 8452A; Hewlett Packard Co., Avondale, PA) after 120 min of incubation. 
Results and Discussion
217
Growth Parameters
218
The average live weight of the broilers in the three dietary treatment groups showed no 219 significant differences at the age of two weeks, three weeks or at final slaughter weight at four 220 weeks of age (Table II) . There were no significant differences between the groups in mean 221 body weight gain between days 13-20 or from day 20-28. In a study by Fèbel et al. (2008) no 222 significant differences were observed in growth parameters or feed intake in chickens given 223 soybean oil compared to linseed oil, whereas Wongsuthavas and colleges (2011) found that 224 birds fed a high ALA (linseed oil) diet showed a lower daily gain and final body weight at 21 225 days of age compared to birds fed a high LA (soybean oil) diet (Febel et al. 2008) .
226
Feed efficiency (weight gain/feed consumption) was higher in the SO compared to 227 LNO dietary treatment groups in the last week before slaughter (Table II) (Table II) 237
Fatty Acid Composition
238
As expected the FA profile of broiler diet tended to be reflected in the FA profile of the breast 239 meat. The FA composition of the experimental diets is shown in Table III . Tables IV and V   240 show the mean FA composition for the breast muscle and liver of the three dietary groups,
241
presented as g/100g FAME and mg fatty acid/g tissue wet weight. There were no significant have been reported by others (An et al. 1997; Bou et al. 2005; Haug et al. 2007) 251 (Tables III, IV and V) 
252
The chickens that received the SO based diet had higher contents of saturated fatty 253 acids (SFA) in their breast muscle. This was mainly due to the content of palmitic acid and 254 reflected the higher amount of this FA in the SO diet. In liver, on the other hand, no 255 differences were seen in either the palmitic acid or SFA values, and the total amount of SFA 256 was higher in the liver compared to the muscles in all three dietary groups.
Chickens that received the RO and LNO based diets had higher amounts of MUFA in their 258 breast muscle fat. In liver, a higher amount of MUFA was found in the RO group. In both 259 cases the MUFA levels reflect the high content of oleic acid of rapeseed oil used in both diets.
260
The amounts of oleic acid in muscle mirrored the oleic acid concentration of the three diets 
268
There were differences between the breast muscle content of PUFA for the three 269 dietary treatment groups, the highest amount seen in the SO group followed by the LNO 270 group. In liver there were no differences in PUFA concentrations between the three groups.
271
Chickens in the SO dietary group had higher contents of LA in both muscle fat and liver 272 compared to the LNO and RO dietary groups, whereas chickens that received LNO based There were differences between the three dietary groups in EPA content of both breast 301 muscle and liver, the highest content of EPA being in the chicken that received the LNO diet 302 and lowest in the chickens receiving the SO diet. The docosapentaenoic acid (DPA) level was 303 significantly higher in the muscles of the LNO and RO groups, while in liver, only the LNO 304 group had a higher concentration of DPA. The differences in tissue n-3 LCPUFA content of the three dietary groups reflect the corresponding variation in the dietary levels of the 306 precursor essential FA, ALA, and higher amount of EPA in the LNO dietary group available 307 for further conversion to DPA (An et al. 1997; Haug et al. 2007; Schmitz & Ecker 2008) .
308
There were no differences in the muscular docosahexaenoic acid (DHA) concentrations 309 between the three groups. In the liver however, the LNO group had a higher concentration of 310 DHA compared to the two other groups. Liver, as the main site of lipogenesis in the chicken, between intake of ALA and hepatic production of DHA in chicken (Griffin H. et al. 1992 ).
314
Table IV shows the ratio between the total amount of n-6 and of n-3 FA, LA and 315 ALA, and AA and EPA and oleic acid and PUFA of breast muscle for all three dietary groups.
316
The SO dietary group had the highest ratios followed by the RO group and finally the LNO 317 group having the significantly lowest ratios of n-6/n-3, LA and ALA and AA and EPA. The In the present study there was a small, but significant (p = 0,007) decrease in breast 323 muscle total Se concentrations in chickens fed a diet supplemented in soybean oil compared 324 to rapeseed and linseed oil supplementations, (Table VI) . There were no differences in whole 325 blood concentration of the selenoprotein Gpx, or in breast muscle ARP levels (Table VI) . The 326 SO based dietary group had a 4-5 % lower total Se concentration in muscle when compared to 327 the RO and LNO dietary groups. As the same amount of Se enriched yeast was added to the three diets, and the diets were identical except type of oil, the difference seen in tissue Se 329 levels may be caused by the different FA composition of the three diets. (Table VI) 331 An increase in Se concentration has been associated with increased levels of n-3 332 LCPUFA, but the observed effects on the Se levels in response to levels of n-6 and n-3 FA 333 found in the poultry diet, as seen in this study, have not been reported before. Meltzer et.al induced by the resulting increase in lipid peroxidation (Crosby et al. 1996; Ruiz-Gutierrez et 374 al. 1999) . In the present study Gpx activity was not different among the three groups.
330
375
However, there is no information about Gpx synthesis or turnover. It may be speculated that 376 the lower Se concentration in the breast muscle of the SO fed group can be a result of increased Se requirements for synthesis of selenoproteins and/or an increased degradation of 378 selenoproteins in the SO group having a high n-6/n-3 ratio.
379
The huge differences in the ratios of n-6 to n-3 FA, LA to ALA and especially AA to 
404
In this study no differences in antioxidant capacity measured as whole blood Gpx, or 405 muscle ARP values were seen for the three dietary groups, indicating that the amount of 406 organic Se added to the diets, and further store in the body, was sufficient to sustain the 407 required muscle selenoproteins of all three dietary groups.
408
Sensory Evaluation
409
Sensory evaluation showed no differences between the three dietary groups after six 410 month storage at -20°C (Table VII) . In agreement with earlier studies on boiler meat form 411 chickens fed linseed and rapeseed oil diets, the FA composition and increase in LCPUFA of 412 the LNO and RO groups had no effect on the sensory experience (Haug et al. 2007 ). (Table VII) 414 415
413
Conclusion
416
This study supports the theory that dietary selenium and fat affects composition of chicken 417 meat. Total Se in broiler breast muscles was lower for the SO dietary group compared to the 418 RO and LNO group. As the three diets were equal in the level of Se, the resulting difference 419 may indicate differences in Se uptake, incorporation into muscles or rate of Se metabolism 420 and excretion. No differences in antiradical power, Gpx activity or sensory evaluation were 421 seen for the three dietary groups. Broiler breast meat reflected the FA composition and n-6/n-422 3 ratio of the diets given. The n-6 to n-3, and AA to EPA ratios were significantly reduced in both Se and n-3 LCPUFA combined with a reduced n-6/n-3 ratio, the use of rapeseed oil, 430 linseed oil and higher levels of organic selenium in broiler diets, lead to healthier chicken 431 product for the consumers as both Se levels and n-3 LCPUFA were increased in the meat. oil (5%), RO diet with rapeseed oil (5%), LNO diet with linseed and rapeseed oil (2% + 3%). oil (5%), RO diet with rapeseed oil (5%), LNO diet with linseed and rapeseed oil (2% + 3%). 
